(19) 



J 



(12) 



Europaisches Patenlamt 
European Patent Office 

Off ice europeen des brevets (11) EP 0 759 628 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

26.02.1997 Bulletin 1997/09 

(21) Application number: 96113207.3 

(22) Date of filing: 16.08.1996 



(51) int. CI. 6 : H01G7/00, G01P 15/13, 
G01D 5/241 



(84) 


Designated Contracting States: 


(72) 


Inventor: Fujii, Yasutaka 


DE FR GBNLSE 




Nagaokakyo-shi, Kyoto-fu (JP) 


(30) 


Priority: 18.08.1995 J P 210718/95 


(74) 


Representative: Schoppe, Fritz, Dipl.-lng. 




Patentanwalt, 


(71) 


Applicant: MURATA MANUFACTURING CO., LTD. 




Georg-Kalb-Strasse 9 


Nagaokakyo-shi Kyoto-fu 226 (JP) 




82049 Pullach (DE) 



(54) Variable capacitor 

(57) A small variable capacitor includes a movable 
section (11) composed of a movable electrode (6) sup- 
ported by a supporting section (10). A driving electrode 
(7) and a detecting electrode (8) are provided facing the 
movable electrode (6). When an external bias voltage is 
applied between the movable electrode (6) and the driv- 
ing electrode (7), Coulomb force is generated between 
them. Due to that, the movable section (1 1) is attracted 
toward the driving electrode (7) while keeping a balance 
between its own resilience force and the Coulomb force. 
At this time, part of the movable section (11) facing the 
detecting element is displaced more than the other part 
of the movable section (11) facing the driving electrode 
(7). Thereby, because an electrostatic capacity between 
the movable section (1 1) and the detecting electrode (8) 
is inversely proportional to the average distance, a targe 
electrostatic capacity may be obtained and variability of 
the electrostatic capacity becomes large. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a variable capacitor 
which is one type of a voltage variable capacitive ele- 
ment. 

Description of Related Art: 

Hitherto, as a variable capacitive element, there 
has been known a variable capacitor comprising a sta- 
tor composed of a plurality of fixed plates and a rotor 
facing the fixed plate and composed of a rotary plate 
which rotates without touching the fixed plates when a 
shaft thereof is turned. The stator and the rotor are dis- 
posed leaving a certain space therebetween and an 
electrostatic capacity is varied by turning the rotor and 
changing their opposed areas. However, it has been dif- 
ficult to miniaturize the variable capacitor because it 
requires a turning mechanism for turning the rotor by 
using a motor or the like. 

Further, there has been known a variable capacitive 
diode in which an electrostatic capacity varies when an 
external bias voltage is applied to a spatial charge 
region on a surface of a semiconductor surrounded by 
an insulating layer. Although electrostatic capacity of 
the variable capacitive diode may be varied, it has been 
necessary to increase internal resistance in order to 
improve electric strength. However, this presents the 
problem that when the internal resistance is increased, 
a value of Q indicating an index of performance of the 
capacitor expressed by 1/2 Ttfcr (where f is frequency, c 
is electrostatic capacity and r is internal resistance) 
becomes small, thus deteriorating frequency stability 
and increasing carrier noises. 

Further, there has been known a variable capacitor 
described in Japanese Patent Laid-Open No. Hei. 5- 
74655. As shown in FIG. 6, the variable capacitor com- 
prises a fixed electrode 1 and a movable electrode 2, 
which are both formed as a thin film, and is constructed 
so that they are supported so as to face each other via 
a space section 4 provided in an insulating support 
base 3. The insulating support base 3 is a silicon sub- 
strate, for example, and the fixed electrode 1 formed by 
evaporating aluminum, for example, is provided at the 
bottom of the space section 4 which is a concave sec- 
tion formed by engraving the substrate at one face. The 
movable electrode 2 similarly formed is provided so as 
to float by the edge of the opening of the concave sec- 
tion via the space section 4 and so that an external bias 
voltage can be applied between terminals (not shown) 
formed by leading out one end of the fixed electrode 1 
and the movable electrode 2, respectively. When an 
external bias voltage is applied between the fixed elec- 
trode 1 and the movable electrode 2, a distance 
between the fixed electrode 1 and the movable elec- 



trode 2 increases/decreases by an action of Coulomb 
force generated between them, thus varying an electro- 
static capacity. 

This variable capacitor has a problem that when the 

5 movable electrode 2 is displaced by more than 1/3 of 
the distance between the fixed electrode 1 and the mov- 
able electrode 2, when no external bias voltage is 
applied, a balance between a resilience (stability) of a 
thin plate on which the movable electrode 2 is formed 

10 for returning to the original position and the Coulomb 
force generated between the fixed electrode 1 and the 
movable electrode 2 is lost and thus the movable elec- 
trode 2 is attracted toward the fixed electrode 1 . Due to 
that, the variability of the electrostatic capacity cannot 

is be increased. 

Accordingly, it is an object of the present invention 
to provide a small variable capacitor having an excellent 
electrical strength, a high frequency stability and a large 
variability of electrostatic capacity even though it is a 

20 single element. 

SUMMARY OF THE INVENTION 

In order to achieve the aforementioned goals, a var- 

25 iable capacitor of the present invention comprises an 
insulating support base; a driving electrode formed on 
the surface of the insulating support base; a detecting 
electrode formed on the surface of the insulating sup- 
port base and spaced from the driving electrode; and a 

30 movable electrode having a resilient movable section 
provided facing the driving electrode and the detecting 
electrode. The movable electrode, the driving electrode 
and the detecting electrode are structured and arranged 
such that, when a voltage is applied between the driving 

35 electrode and the movable electrode, the movable sec- 
tion moves so that an average distance between the 
detecting electrode and the movable section is nar- 
rowed more than an average distance between the driv- 
ing electrode and the movable section while keeping a 

40 balance between a Coulomb force generated when a 
voltage is applied between the driving electrode and the 
movable electrode and the resilience of the movable 
section. 

When an external bias voltage is applied between 
45 the driving electrode and the movable electrode, Cou- 
lomb force is generated between them. Due to that, the 
movable section is attracted toward the driving elec- 
trode while keeping a balance between its own resil- 
ience and the Coulomb force. At this time, part of the 
so movable section facing the detecting element is dis- 
placed more than the other part of the movable section 
facing the driving electrode. In other words, the average 
distance between the movable section and the detect- 
ing electrode becomes narrower as compared to the 
55 average distance between the movable section and the 
driving electrode. Thereby, because an electrostatic 
capacity between the movable section and the detecting 
electrode is inversely proportional to the average dis- 
tance of both, the electrostatic capacity between the 
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detecting electrode and the movable section becomes 
large and variability of the electrostatic capacity 
between them becomes large. 

The above and other related objects and features of 
the present invention will be apparent from a reading of s 
the following description of the disclosure found in the 
accompanying drawings and the novelty thereof pointed 
out in the appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 10 

FIGs. 1(a) and 1(b) show a variable capacitor of the 
present invention, wherein FIG. 1(a) is a perspec- 
tive view thereof and FIG. 1(b) is a section view 
taken along A- A' in FIG. 1(a); is 

FIGs. 2(a) through 2(d) are section views taken 
along the same section as A-A' in FIG. 1 A at vari- 
ous stages in a manufacturing process of the inven- 
tive variable capacitor of FIGs. 1 (a) and 1 (b); 20 

FIG. 3 is a diagram showing a relationship between 
an average distance between a movable section 
and a middle portion of a short side of a driving 
electrode and that between the movable section 25 
and a middle portion of a short side of a detecting 
electrode when a voltage is applied between the 
driving electrode and the movable electrode in the 
inventive variable capacitor of FIGs. 1(a) and 1(b); 

30 

FIGs. 4(a) and 4(b) show another variable capacitor 
of the present invention, wherein FIG. 4(a) is a per- 
spective view thereof and FIG. 4(b) is a section 
view taken along A-A' in FIG. 4(a); 

35 

FIG. 5 is a view of the variable capacitor of FIGs. 
4(a) and 4(b) showing a state in which the movable 
section is displaced when a voltage has been 
applied between the driving electrode and the mov- 
able electrode; and ™ 

FIG. 6 is a section view showing a prior art variable 
capacitor. 

DESCRIPTION OF PREFERRED EMBODIMENTS 45 
[First Embodiment] 

A preferred embodiment of a variable capacitor of 
the present invention will be explained with reference to so 
FIGs. 1(a) and 1(b). 

The variable capacitor comprises an insulating sup- 
port base 5, a movable electrode 6, a driving electrode 
7 and a detecting electrode 8. 

The insulating support base 5 is a square plate ss 
formed out of an insulating maternal, such as glass and 
ceramics. 

The movable electrode 6 is composed of a fixed 
section 9, a supporting section 10 and a movable sec- 



4 

tion 1 1 in a body. 

The fixed section 9 made from a rectangular plate is 
fixed on the surface of the insulating support base 5 
near the edge thereof so that the edge of the insulating 
support base 5 is parallel with a long side of the fixed 
section 9. 

The plate-like supporting section 10 is provided ver- 
tically at the edge of the long side of the fixed section 9 
on the middle side of the insulating support base 5. 

An edge of one long side of the movable section 1 1 
made from a rectangular plate is fixed on the upper end 
face of the supporting section 10. As a result, the mov- 
able section 1 1 is supported by the supporting section 
10 and is kept parallel with the surface of the insulating 
support base 5 while floating therefrom. 

It is noted that the movable section 1 1 has a lami- 
nated structure of a silicon oxide (Si02) layer 12, a con- 
ductor layer 13A formed on the back of the silicon oxide 
layer 12 and a conductor layer 13B formed on the sur- 
face of the silicon oxide layer 12. That is, the movable 
section 1 1 is a laminated structure in which the surface 
and back are symmetrical about the silicon oxide layer 
12. Thereby, the movable electrode 6 or the movable 
section 11 in particular is prevented from warping 
because stress generated on the surface and back of 
the silicon oxide layer 12 cancel each other. Further, 
because the movable section 11 is formed so thin, 
about 1 u/n, it is very light. As a result, the edge portion 
of the movable section 1 1 will not droop and a gap L1 
between the movable section 1 1 and the insulating sup- 
port base 5 is kept constant. Further, a mechanical res- 
onance. frequency of the movable section 1 1 is set high 
in order to prevent the movable section 1 1 from readily 
vibrating due to vibration or the like applied to the varia- 
ble capacitor from the outside. To that end, an aluminum 
thin film having a light specific weight is generally used 
for the conductor layers 13A and 13B. The conductor 
layer 13B is electrically connected with a rectangular 
lead electrode 14 formed on the surface of the insulat- 
ing support base 5. It is noted that the lead electrode 14 
is enlarged as much as possible to reduce resistance. 

The driving electrode 7 is a rectangular thin film 
electrode formed out of a material having a low resistiv- 
ity, such as aluminum and gold. A length of a long side 
thereof is equal with the long side of the movable elec- 
trode 6 and a length of a short side thereof is about 2/3 
of a length of a short side of the movable electrode 6 
from the supporting section 10 to the free end. The driv- 
ing electrode 7 is formed on the surface of the insulating 
support base 5 facing the movable section 11 while 
leaving a certain gap W1 between the supporting sec- 
tion 10. It is noted that a lead electrode 15 electrically 
connected with the middle portion of the short side of 
the driving electrode 7 is formed on the surface of the 
insulating support base 5. 

The detecting electrode 8 is a rectangular thin film 
electrode formed out of a material having a low resistiv- 
ity, such as aluminum and gold. The length of the long 
side thereof is equal to the long side of the movable 
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electrode 6 and the length of the short side thereof is 
about 1/3 of the length of the short side of the movable 
electrode 6. The detecting electrode 8 is formed on the 
surface of the insulating support base 5 facing the mov- 
able section 1 1 while leaving a certain gap W2 between 
the long side of the driving electrode 7. It is noted that a 
lead electrode 16 electrically connected with the long 
side of the detecting electrode 8 on the side distant from 
the driving electrode 7 is formed on the surface of the 
insulating support base 5. The lead electrode 16 is 
enlarged as much as possible to reduce resistance. 

A method for manufacturing the variable capacitor 
will be explained below with reference to FIGs. 2(a) 
through 2(d). It is noted that FIGs. 2(a) through 2(d) are 
section views taken along A-A' in FIG. 1(a) at various 
stages in the manufacturing process. 

The driving electrode 7, the detecting electrode 8 
and lead electrodes 14, 15 and 16 are formed on the 
surface of the insulating support base 5 by means of 
evaporation or sputtering by using mask patterns having 
predetermined shapes (FIG. 2(a)). 

Next, as shown in FIG. 2(b), a sacrificial layer 17 
which is a rectangular plate made out of zinc oxide 
(ZnO) for example and having a certain thickness is 
formed so as to cover the surface of the driving elec- 
trode 7 and the detecting electrode 8. The sacrificial 
layer 17 is formed by means of evaporation, sputtering 
or the like by using a mask pattern having a predeter- 
mined shape. 

Then, the Al conductor layer 13A is formed on the 
surface of the sacrificial layer 1 7, on a long side face of 
the sacrificial layer 17 facing the side of the lead elec- 
trode 14 and on the surface of the insulating support 
base 5 between the long side face of the sacrificial layer 
17 facing the side of the lead electrode 14 and the lead 
electrode 14. 

Next, the silicon oxide layer 12 is formed on the sur- 
face of the conductor layer 13A by means of sputtering, 
plasma CVD or the like by using a mask pattern having 
a predetermined shape. It is noted that part of the sili- 
con oxide layer 12 formed on the sacrificial layer 17 is 
formed so as to be about 1 urn of thickness to make it 
thinner as compared to other parts. Further, the Al con- 
ductor layer 13B is formed on the surface of the silicon 
oxide layer 12 by means of evaporation, sputtering or 
the like by using a mask pattern having a predetermined 
shape (FIG. 2(c)). 

Then, as shown in FIG. 2(d), the variable capacitor 
is completed by removing the sacrificial layer 17 by 
means of chemical etching or the like. 

Operation of the variable capacitor constructed as 
described above will be explained below. 

When a DC external bias voltage is applied 
between the movable electrode 6 and the driving elec- 
trode 7 via the lead electrodes 14 and 15. Coulomb 
force is generated between the movable electrode 6 and 
the driving electrode 7. As a result, the movable section 
11 is attracted toward the driving electrode 7 about a ful- 
crum on the upper end face of the supporting section 



10. The movable section 11 also generates a resilience 
force to return to the original position. As a result, the 
movable section 1 1 is dis.-?:?.ced to and rests at a posi- 
tion where the Coulomb force balances with the resil- 

s ience force. 

A relationship of displacement of the driving elec- 
trode 7 and the movable section 1 1 and the detecting 
electrode 8 and the movable section 1 1 when the mov- 
able section 1 1 is displaced will be explained in detail 

10 with reference to FIG. 3. Assume here a width of the 
gap Li between the driving electrode 7 and the movable 
section 1 1 when no external bias voltage is applied 
between the movable electrode 6 and the driving elec- 
trode 7 as a* and a value of the short side of the mova- 

15 ble section 1 1 as 'b'. While, as seen in FIG. 1 (a), the gap 
W1 is provided between the driving electrode 7 and the 
supporting section 10 and the gap W2 is provided 
between the driving electrode 7 and the detecting elec- 
trode 8 originally, the explanation will be made by 

20 neglecting the gaps W1 and W2 for the convenience of 
calculation and by assuming that a length of the driving 
electrode 7 in the direction of the short side is 2b/3 and 
a length of the detecting electrode 8 in the direction of 
the short side is b/3. 

25 The balance between the Coulomb force between 
the movable electrode 6 and the driving electrode 7 and 
the resilience force of the movable section 11 is 
achieved when an average distance L2 between the 
middle portion of the short side of the driving electrode 

30 7, which is a point of action of a resultant force of the 
Coulomb force and the movable section 11, is 
a > l_2 > 2a/3 . When the movable section 1 1 is dis- 
placed under this condition, an average distance L3 
between the middle portion of the short side of the 

35 detecting electrode 8 and the movable section 1 1 varies 
within a range of a > L3 > a/6 . An electrostatic capacity 
between the detecting electrode 8 and the movable sec- 
tion 1 1 is inversely proportional to the average distance 
L3. Therefore, when the value of the average distance 

40 L3 between the detecting electrode 8 and the movable 
section 1 1 changes from a in the beginning to a/6, the 
electrostatic capacity between the detecting electrode 8 
and the movable section 11 increases by six times 
(= a -i- (a/6) as compared to the electrostatic capacity 

45 at the beginning. Accordingly, it not only allows a very 
large electrostatic capacity to be obtained but also sub- 
stantially increases the variability of the electrostatic 
capacity. 



Another embodiment of the variable capacitor of 
the present invention will be explained by using FIGs. 
4(a) and 4(b). It is different from the first embodiment in 
55 that both ends of a movable section 1 1 are supported by 
supporting sections 10A and 10B, that a detecting elec- 
trode 8 is provided on the surface of an insulating sup- 
port base 5 while facing the middle portion of a movable 
section 1 1 and that driving electrodes 7A and 7B are 



so [Second Embodiment] 
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disposed at both ends of the detecting electrode 8. The 
same reference numerals are used in this embodiment 
to designate components corresponding to those in the 
first embodiment and an explanation thereof will be sim- 
plified here. s 

The variable capacitor comprises the insulating 
support base 5, the movable electrode 6, the driving 
electrodes 7A and 7B and the detecting electrode 8. 

The movable electrode 6 is composed of fixed sec- 
tions 9A and 9B, supporting sections 10A and 10B and io 
the movable section 1 1 in a body. 

The fixed sections 9A and 9B made from a rectan- 
gular plate are fixed on the surface of the insulating sup- 
port base 5 near both edges thereof opposing each 
other so that the edge of the insulating support base 5 ?5 
is parallel with a long side of the fixed sections 9A and 
9B. 

The supporting sections 10A and 10B are provided 
vertically at the edge of the long side of the fixed sec- 
tions 9A and 9B on the middle side of the insulating sup- 20 
port base 5. 

Both edges of opposing long sides of the movable 
section 1 1 made from a rectangular plate are fixed on 
the upper end surface of the supporting sections 10A 
and 10B, respectively. As a result, the movable section 25 
1 1 is supported by the supporting sections 10A and 1 0B 
and is kept parallel with the surface of the insulating 
support base 5 while floating therefrom. 

It is noted that the movable electrode 6 has a lami- 
nated structure of a silicon oxide (Si02) layer 12, a con- 30 
ductor layer 13A formed on the back of the silicon oxide 
layer 12 and a conductor layer 13B formed on the sur- 
face of the silicon oxide layer 12. The conductor layer 
13B is electrically connected with a rectangular lead 
electrode 14 formed on the surface of the insulating 35 
support base 5. The lead electrode 14 is enlarged as 
much as possible to reduce resistance. 

The driving electrodes 7A and 7B are rectangular 
thin film electrodes formed out of a material having a 
low resistivity, such as aluminum and gold. The driving 40 
electrodes 7A and 7B are formed on the surface of the 
insulating support base 5 facing the movable section 1 1 
while leaving a certain gap W1 from the supporting sec- 
tions 10A and 10B, respectively. Lead electrodes 15 
electrically connected with the middle portion of the 45 
short side of the driving electrodes 7A and 7B are 
formed on the surface of the insulating support base 5. 

The detecting electrode 8 is a rectangular thin film 
electrode formed out of a material having a low resistiv- 
ity, such as aluminum and gold. The detecting electrode so 
8 is formed between the driving electrodes 7A and 7B 
while leaving a certain gap W4 from the driving elec- 
trodes 7A and 7B, respectively A lead electrode 16 
electrically connected with the detecting electrode 8 is 
formed on the surface of the insulating support base 5. ss 
The lead electrode 16 is enlarged as much as possible 
to reduce resistance. 

Operation of the variable capacitor constructed as 
described above will be explained below with reference 
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to FIG. 5. 

When a DC external bias voltage is applied 
between the movable electrode 6 and the driving elec- 
trodes 7A and 7B via the lead electrodes 14 and 15, a 
Coulomb force is generated between the movable elec- 
trode 6 and the driving electrodes 7A and 7B. As a 
result, parts of the movable section 1 1 facing the driving 
electrodes 7A and 7B are attracted toward the driving 
electrodes 7A and 7B about fulcrums of the upper end 
faces of the supporting sections 1 0A and 1 0B. The mov- 
able section 11 also generates a resilience force to 
return to the original position. As a result, the movable 
section 1 1 is displaced to and rests at a position where 
the Coulomb force balances with the resilience force. 

At this time, part of the movable section 1 1 facing 
the detecting electrode 8 is displaced more as com- 
pared to the parts of the movable section 1 1 facing the 
driving electrodes 7A and 7B because it is distant from 
the upper end faces of the supporting sections 10A and 
10B, thus reducing an average distance between the 
detecting electrode 8 and the movable section 11. 
Accordingly, it not only allows a very large electrostatic 
capacity to be obtained but also substantially increases 
the variability of the electrostatic capacity. 

Accordingly, the present invention constructed as 
described above has the following effects. That is, the 
movable section is displaced while keeping the balance 
between the Coulomb force generated between the. 
driving electrode and the movable electrode and the 
resilience of the movable electrode. At this time, the 
average distance between the detecting electrode and 
the movable section varies significantly. An electrostatic 
capacity between them is proportional to an inverse 
number of this average distance. Due to that, the varia- 
bility of the electrostatic capacity between the detecting 
electrode and the movable section becomes large. Fur- 
ther, a series resistance becomes very small as com- 
pared to a varactor diode. Therefore, a capacitor having 
a very high Q value expressed by 1/2 rcfcr (where f is fre- 
quency, c is electrostatic capacity and r is internal resist- 
ance) can be obtained, thus improving a frequency 
stability. Further, because the gap between the movable 
section and the detecting electrode is insulated by air. 
the breakdown voltage of the variable capacitor is very 
high. 

While preferred embodiments have been 
described, variations thereto will occur to those skilled 
in the art within the scope of the present inventive con- 
cepts which are delineated by the following claims. 

Claims 

1 . A variable capacitor, comprising : 

an insulating support base (5); 

a driving electrode (7) formed on the surface of 
said insulating support base (5); 
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a detecting electrode (8) formed on the surface 
of said insulating support base (5) and spaced 
apart from said driving electrode (7); 

a movable electrode (6) having a resilient mov- 5 
able section (11) provided in spaced relation- 
ship to and facing said driving electrode (7) and 
said detecting electrode (8). 

2. A variable capacitor according to claim 1, wherein io 
said movable electrode (6), said driving electrode 

(7) and said detecting electrode (8) being struc- 
tured and arranged such that, when a voltage is 
applied between said driving electrode (7) and said 
movable electrode (6), said movable section (11) is 
moves so that an average distance between said 
detecting electrode (8) and said movable section 
(11) is narrowed more as compared to an average 
distance between said driving electrode (7) and 
said movable section (11) while keeping a balance 20 
between a Coulomb force generated when a volt- 
age is applied between said driving electrode (7) 
and said movable electrode (6) and the resilience of 
said movable section (11). 

25 

3. A variable capacitor according to claim 1 or 2, 
wherein said driving electrode (7), said detecting 
electrode (8) and said movable section (11) are 
each planar in shape, with said driving electrode (7) 
and said detecting electrode (8) being coplanar and 30 
said movable section (11) being parallel to said 
driving electrode (7) and said detecting electrode 

(8) in the absence of a voltage between said driving 
electrode (7) and said movable electrode (6). 

35 

4. A variable capacitor according to claim 1 to 3, 
wherein the movable electrode (6) has a fulcrum for 
said movable section (11), said fulcrum being 
spaced laterally and vertically from the driving elec- 
trode (7) on a side of said driving electrode (7) 40 
spaced furthest away from said detecting electrode 
(8). 

5. A variable capacitor according to claim 1 to 4, fur- 
ther including lead electrodes (15, 14) for connect- 45 
ing said driving and movable electrodes (7, 6) to a 
source of voltage. 

6. A variable capacitor according to claim 3 to 5, 
wherein the movable electrode (6) is a laminate so 
comprised of a core of silicon oxide (12) having 
conductive layers (13A, 13B) on opposite sides 
thereof. 

7. A variable capacitor according to claim 6, wherein 55 
the conductive layers (13A, 13B) are made of alu- 
minium. 

8. A variable capacitor according to claim 3 to 7, in 
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which the thickness of the movable section (11) is 
approximately 1 jim. 

9. A v? nable capacitor comprising : 

an insulating support base (5); 

a detecting electrode (8) formed on the surface 
of said insulating support base (5); 

a first driving electrode (7A) formed on the sur- 
face of said insulating support base (5) and 
spaced apart from one side of said detecting 
electrode (8); 

a second driving electrode (7B) formed on the 
surface of said insulating support base (5) and 
spaced apart from a second side of said 
detecting electrode (8); 

a movable electrode (6) having a resilient mov- 
able section (11) provided in spaced relation- 
ship to and facing said first and second driving 
electrodes (7A, 7B) and said detecting elec- 
trode (8). 

10. According to claim 9, wherein said movable elec- 
trode (6), said first and second driving electrodes 
(7A, 7B) and said detecting electrode (8) being 
structured and arranged such that when, a voltage 
is applied between said first and second driving 
electrodes (7A, 7B) and said movable electrode (6), 
said movable section (11) moves so that an aver- 
age distance between said detecting electrode (8) 
and said movable section (1 1) is narrowed more as 
compared to an average distance between said first 
and second driving electrodes (7A, 7B) and said 
movable section (11) while keeping a balance 
between a Coulomb force generated when a volt- 
age is supplied between said first and second driv- 
ing electrodes (7A, 7B) and said movable electrode 
(6) and the resilience of said movable section (11). 

11. A variable capacitor according to claim 9 or 10, 
wherein said first and second driving electrodes 
(7 A, 7B), said detecting electrode (8) and said mov- 
able section (11) are each planar in shape with said 
first and second driving electrodes (7A, 7B) and 
said detecting electrode (8) being coplanar and 
said movable section (11) being parallel to said first 
and second driving electrodes (7A, 7B) and said 
detection electrode (8) in the absence of a voltage 
between said first and second driving electrodes 
(7 A, 7B) and said movable electrode (6). 

12. A variable capacitor according to claim 9 to 11, 
wherein the movable electrode (6) has first and sec- 
ond fulcrums, said first fulcrum being spaced apart 
laterally and vertically from a side of the first driving 
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electrode (7 A) furthest from said detecting elec- 
trode (8) and said second fulcrum being spaced 
apart laterally and vertically from a side of said sec- 
ond driving electrode (7B) spaced apart furthest 
from said detecting electrode (8). 5 

1 3. A variable capacitor according to claim 9 to 1 2, fur- 
ther including lead electrodes (15, 16) for connect- 
ing said first and second driving electrodes (7A t 7B) 
and said movable electrode (6) to a source of volt- 10 
age. 

14. A variable capacitor according to claim 11 to 14, 
wherein the movable electrode (6) is a laminate 
comprised of a core of silicon oxide (12) having is 
conductive layers (13A, 13B) on opposite sides 
thereof. 

15. A variable capacitor according to claim 14, wherein 
the conductive layers (13A, 13B) are made of alu- 20 
minum. 

16. A variable capacitor according to claim 11 to 15, in 
which the thickness of the movable section (11) is 
approximately 1 M m - 25 
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